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See online version for legend and references. 
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SnapShot: Bacterial Appendages I
Ana Toste Rego, Rémi Fronzes, and Gabriel Waksman
Institute of Structural Molecular Biology, Birkbeck and University College London, London WC1E 7HX, UK
This two-part SnapShot depicts the assembly and structure of selected nonflagellar surface appendages from gram-negative bacteria. These include chaperone-usher pili and 
type IV pili (in part I) and the type III secretion needle and type IV secretion pili (in part II).
Chaperone-Usher Pili
(Left) Chaperone-usher (CU) pili, exemplified by the P and Type 1 pili, are the most abundant group of bacterial surface appendages. They play important roles in adhesion and 
host recognition. Type 1 and P pili are composed of two major subassemblies (see panel on the left for P pili): a thick and rigid rod made up of subunits of PapA in P pili or FimA 
in Type 1 pili (light blue) arranged in a right-handed helical cylinder and a thin, flexible tip fiber in the distal end of the rod. In P pili the tip fiber is composed of 5–10 PapE subunits 
(dark green) flanked by two minor subunits, PapF (orange) and PapK (yellow). In Type 1 pili the linear tip fiber is formed by one subunit FimG and one subunit FimF. Both systems 
have an adhesin subunit (PapG and FimH in P and Type 1 pili, respectively) at the tip of the fiber (light green), responsible for interaction with the host tissues. In P pili a termination 
subunit PapH (gray) anchors the pilus structure to the cell wall (Waksman and Hultgren, 2009). Pilus assembly (see panel on the right) is orchestrated by a periplasmic chaperone 
PapD for P pili or FimC for Type 1 pili (red), and an outer membrane (OM) assembly platform, the dimeric usher PapC for P pili, or FimD for Type 1 pili (dark blue) (Waksman and 
Hultgren, 2009). Pilus subunits cross the inner membrane (IM) to the periplasm via SecYEG (pink). The chaperone then captures subunits via a mechanism called donor strand 
complementation (DSC) whereby the incomplete immunoglobulin (Ig) fold of subunits is completed by donation of a chaperone’s strand (see DSC diagram, chaperone’s strand 
in red). Subunits are then targeted to the outer membrane dimeric usher where subunits polymerize via a mechanism called donor strand exchange (DSE) whereby the missing 
strand of subunits is provided by the N-terminal extension of the subunit coming next in assembly (see DSE diagram). The cryo-electron microscopy 3D structure of the dimeric 
usher FimD bound to the FimC:FimH:FimG:FimF secretion intermediate together with the corresponding structures docked into the electron density (see Remaut et al., 2008 for 
details and Waksman and Hultgren, 2009 for review) is shown in the panel on the right.
Type IV Pili
(Right) Type IV pili (T4P) are produced by many gram-negative bacteria including major human pathogens such as Neisseria gonorrhoeae, Neisseria meningitidis, Pseudomonas 
aeruginosa, and Vibrio cholerae. T4P are long (1–4 µm) and flexible filaments of 5–8 nm in diameter. These pili are essential for bacterial virulence. In Neisseria gonorrhoeae, the 
T4P filament is made of the pilin pilE (Craig et al., 2006). Some T4P contain minor pilins (for example, PilX in Neisseria meningitides). The pilin subunits are arranged as a helical 
polymer within the T4P (Craig et al., 2006). Pilus assembly and disassembly is powered by two ATPases in the cytoplasm, PilF and PilT, respectively (Satyshur et al., 2007). An 
inner membrane protein PilG is necessary for pilus assembly (Collins et al., 2007). The pilus crosses the outer membrane through the outer membrane secretin PilQ associated 
with the lipoprotein PilP (also called pilotin) (Collins et al., 2004; Golovanov et al., 2006). For a detailed review concerning these systems, see Craig and Li, 2008.
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